on behalf of the Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation (COURAGE) Trial Investigators Background-The Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation (COURAGE) trial enrolled patients from 3 distinct healthcare systems (HCSs) in North America. The primary aim of this study was to determine whether there is a treatment difference in cardiovascular outcomes by HCS. Methods and Results-The study population included 968 patients from the US Department of Veterans Affairs (VA), 386 from the US non-VA, and 931 from Canada with different comorbidities and prognoses. The primary outcome was all-cause mortality or nonfatal myocardial infarction (MI) during the median 4.6-year follow-up. Baseline demographics were similar between percutaneous coronary intervention and optimal medical therapy treatment groups within each HCS. After follow-up, the primary end point of total mortality and nonfatal MI was not statistically significant between percutaneous coronary intervention and optimal medical therapy, regardless of HCS: VA, 22.3% versus 21.9% (hazard ratio, 1.05; 95% CI, 0.80 -1.38; Pϭ0.95); US non-VA, 15.8% versus 21.8% (hazard ratio, 0.70; 95% CI, 0.43-1.12; Pϭ0.24); Canadian HCS, 17.3% versus 13.5% (hazard ratio, 1.30; 95% CI, 0.93-1.83; Pϭ0.17) . The interaction between HCSs and treatment was not statistically significant. Long-term mortality was significantly higher in the VA system as a result of significantly greater comorbidity and worse left ventricular function. Conclusions-In the COURAGE trial, addition of percutaneous coronary intervention to optimal medical therapy did not improve 5-year survival or reduce MI or other major adverse cardiovascular events regardless of whether patients were Canadian or American or US veterans or nonveterans. Outcome differences were largely explained by differences in baseline characteristics known to affect long-term prognosis. Clinical Trial Registration-URL: http://www.clinicaltrials.gov. Unique identifier: NCT00007657. (Circ Cardiovasc Qual Outcomes. 2010;3:476-483.)
T he Clinical Outcomes Utilizing Revascularization and
Aggressive Drug Evaluation (COURAGE) trial reported that the addition of percutaneous coronary intervention (PCI) to optimal medical therapy (OMT) as an initial management strategy in patients with stable ischemic heart disease did not reduce the risk of death, myocardial infarction (MI), or other major adverse cardiac events compared with OMT alone, a finding confirmed in the Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) trial. [1] [2] [3] [4] The COURAGE trial enrolled 2287 patients with objective evidence of myocardial ischemia and significant coronary artery disease (CAD) from 3 healthcare systems (HCSs): 15 Department of Veterans Affairs (VA) sites, 19 US non-VA sites, and 16 Canadian sites. 5, 6 The VA HCS is one of the largest in the United States, funded by a global budget set by Congress and with medical care delivered by salaried physicians. In contrast, US non-VA med-ical centers are funded through a complex system of indemnity or other types of private insurance, Medicare or Medicaid, or self-paying patients, and care is delivered by fee-for-service physicians. The Canadian system is a government-funded program that delivers universal health care provided by fee-forservice physicians. The Canadian system limits the number of specialists and family practitioners who can be trained through government funding during postgraduate education, and major hospital capital equipment requests are controlled and purchased by the Canadian government. The main objective of the present study was to examine treatment differences in the principal and major secondary cardiac outcomes across the 3 HCSs, a prespecified subgroup analysis in COURAGE. 1, 5, 6 Additional analyses examined the 3 different practice environments, patient characteristics, and their impact on long-term cardiovascular event rates.
WHAT IS KNOWN • The Clinical Outcomes Utilizing Revascularization and
Aggressive Drug Evaluation and the Bypass Angioplasty Revascularization Investigation 2 Diabetes trials show that in the absence of left main coronary disease or severe left ventricular dysfunction, percutaneous coronary intervention does not prevent myocardial infarction or cardiac death in patients with chronic angina and angiographic evidence of obstructive coronary disease over 5 years of follow-up. • Percutaneous coronary intervention improves quality of life and reduces angina attack frequency and need for antianginal drug therapy.
WHAT THE STUDY ADDS
• Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation enrolled patients with chronic ischemic heart disease from 3 different healthcare systems. Baseline characteristics of the 3 populations were significantly different, resulting in significant differences in 5-year mortality rates. • Percutaneous coronary intervention did not improve survival or prevent myocardial infarction regardless of which healthcare system patients were enrolled from. The findings along with the results from the Bypass Angioplasty Revascularization Investigation 2 Diabetes trial suggest that a routine strategy of prompt percutaneous coronary intervention to treat angiographic evidence of obstructive coronary disease in the absence of left main coronary disease compared to an initial strategy of optimal medical therapy is not required in most patients with chronic ischemic heart disease if the purpose or indication for doing the procedure is to prevent myocardial infarction or death. This indication is not supported by evidence-based data.
Methods

Study Design
The COURAGE trial design, baseline characteristics, and overall results were reported previously. 1, 5, 6 Patients with stable ischemic heart disease were randomly assigned to receive PCI and OMT or OMT alone. Of the 2287 patients, 70% had either 1-or 2-vessel disease, and 83% had an ejection fraction Ն50%. Informed written consent was obtained from each patient, and the study protocol was approved by the institutional review board at each participating site. A permuted-block design was used to generate random assignments within each study site along with previous coronary artery bypass grafting (CABG) as a stratifying variable. The primary outcome measure was a composite of total mortality and nonfatal MI (time to first event). Secondary outcomes included the prespecified composite end point of total mortality, nonfatal MI, stroke, and hospitalization for unstable angina. Angina status was evaluated using the Seattle Angina Questionnaire. 7 
Study Population
Statistical Analysis
Median follow-up was 4.6 years (range, 2.5 to 7 years) and was similar in both treatment groups and for all 3 HCSs. Analyses were performed according to the intention-to-treat principle. Categorical variables were compared by the use of the 2 test or the Wilcoxon rank sum test, and continuous variables were compared by use of the Student t test. Paired differences for medication use at baseline and 4 years after randomization were compared with McNemar test. Estimates of the cumulative event rate were calculated by the Kaplan-Meier method, and the primary efficacy measure of events among subjects randomized to PCI compared with OMT was assessed by the stratified log-rank statistic for each of the 3 HCSs. 8, 9 The treatment effect, as measured by the hazard ratio and its associated 95% CI, was estimated using the Cox proportional hazards model. 10 For analytic purposes, missing baseline data were imputed using maximum likelihood imputation and then used in the logistic regressions and the Homer-Lemeshow tests. 11 The treatment effect for each end point (primary and secondary) was adjusted using logistic regression by including all the baseline variables that were significantly different (PϽ0.01) among HCSs.
Results
The unadjusted all-cause death rates were 5.9% (50 deaths), 7.8% (30 deaths), and 10.0% (100 deaths) in the Canadian, US non-VA, and VA HCSs, respectively, after a median 4.6-year follow-up (PϽ0.001). Baseline demographic and angiographic variables ( Table 1) were similar between treatment groups (PCI versus OMT) within each HCS. Comparison of the 3 HCSs revealed significant differences in baseline characteristics. Medication use at baseline and after 4-years of follow-up and success in achieving treatment targets revealed significant differences among HCSs. At baseline, more VA patients were taking ␤-blockers, calcium antagonists, nitrates, and diuretics than patients in the other 2 HCSs, a difference that persisted during follow-up (Table 2 ) and supported the higher baseline comorbidity in this cohort. The use of angiotensin-converting enzyme inhibitors and angiotensin receptor blockers increased in all HCSs from baseline to 4-year follow-up. At baseline, a greater percentage of Canadian patients achieved treatment targets for hypertension, American Heart Association step II diet, and physical activity, whereas a greater proportion of VA patients were not at the secondary high-density lipoprotein cholesterol target (Ͼ40 mg/dL) compared with the other 2 HCSs. In general, the US non-VA patients were intermediate in risk between Canada and the VA except for a lower proportion of patients at baseline who were at systolic blood pressure target.
After 4 years, a significantly greater percentage of patients were at treatment goal for each HCS except for smoking cessation, and hemoglobin A1c targets in patients with diabetes. For body mass index, a significantly greater percentage of patients were at the treatment target only in the US non-VA system. When differences among HCSs were compared after 4 years, a greater percentage of Canadian patients were at treatment goal for moderate physical activity and American Heart Association step II diet, whereas a lower percentage of patients in the VA HCS met the high-density lipoprotein cholesterol target goal.
PCI Results
The clinical success rate (all lesions successfully dilated and no in-hospital complications) were similar among HCSs (VA patients, 403 [86%]; US non-VA patients, 168 [88%]; Canadian patients, 394 [88%]). A more detailed description of HCS angiographic characteristics is reported elsewhere. 12 In the OMT group, the rates of subsequent PCI or CABG were 32.6%, 34.8%, and 32.5% after a 4.6-year median follow-up in the VA, US non-VA, and Canadian HCSs, respectively (Pϭ0.56). In the PCI group, the rates of repeat coronary revascularization were 28.1%, 23.4%, and 12.9% in the VA, US non-VA, and Canadian HCSs, respectively (PϽ0.001). CABG was performed during follow-up in 9%, 8.4%, and 4.7% patients in the OMT group, and 8.2%, 6.7%, and 5.4% patients in the PCI group for the VA, US non-VA, and Canadian HCSs, respectively (NS).
Angina Relief
The 
Primary Outcome
No significant treatment differences were observed for the primary outcome of total mortality and nonfatal MI or major cardiovascular outcomes among the 3 HCSs after the median 4.6-year follow-up (Figures 1 and 2A, 2B ). No treatment differences were observed after adjustment for baseline differences in sex, race, history of diabetes, fasting plasma glucose, resting heart rate, low-density lipoprotein cholesterol, history of cerebrovascular disease, MI, glomerular filtration rate, and comorbidity (Pϭ0.33). The results were similar when periprocedural MI was censored from the analysis. P values for the interaction between treatment and the covariates were not statistically significant for any of the comparisons (data not shown).
Secondary Outcomes
No significant treatment differences were observed for the secondary outcomes of nonfatal MI or stroke within each of the 3 HCSs. Similarly, no significant treatment differences were observed for the outcome of total mortality ( Figure 2B ) or hospitalization for an acute coronary syndrome within each of the 3 HCSs (Figure 1 ).
The Impact of Patient Demographics, HCS, Initial Treatment Assignment, and Death
Logistic regression analyses were performed to examine the relationship among patient baseline characteristics, HCS, initial treatment assignment, and death (Table 3) . Variables included in the analysis are those that are significantly different (PϽ0.01) among HCSs at baseline (Table 1 ). In the first model, HCS was an important determinant of death, particularly between the VA and Canadian HCSs. Initial treatment assignment was not significantly different and was not related to differences in mortality rates; neither was the interaction of HCS and treatment. After adjustment for baseline differences that were significantly different among HCSs (Table 3) , the apparent relationship of HCS to death was no longer significant. The statistically significant independent predictors of long-term mortality in this analysis were age, number 
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of comorbid conditions, and baseline ejection fraction. None of the squares or interactions of baseline variables with treatment were significant.
Discussion
We explored 3 different practice environments (the VA, the US non-VA, and the Canada HCSs) to determine whether type of HCS might identify either a benefit or a lack of benefit for PCI in preventing death, MI, and other major cardiovascular outcomes compared with OMT alone in the COURAGE trial. Our main findings are that type of HCS did not influence the primary outcome of the composite of death or nonfatal MI; the secondary outcome of the composite of death, MI, stroke, and hospitalization for unstable angina; or the individual component end points when the initial treatment strategies were compared. A significant difference in mortality was observed after 4.6 years of follow-up among the different HCSs that was largely explained by age, comorbid conditions, and ventricular function.
Differences in HCS Patient Characteristics
In general, the Canadian patients who participated in COURAGE were younger, had a lower body mass index, were more likely to be white, performed regular moderate exercise, and were more likely to have had a prior MI and prior coronary revascularization but less likely to have a history of hyper-tension or stroke than the American patients. Significant differences in baseline characteristics as well as process of care between patients enrolled in the United States and those enrolled in Canada have been described previously. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] The HCS analysis from COURAGE is unique in that it allows prospective examination of long-term randomized clinical trial data in a stable ischemic heart disease population between Canadian and American HCSs and within the American HCS. Earlier reports primarily examined randomized trial data from acute coronary syndrome studies or administrative databases. Further, the analysis offers the opportunity to assess treatment strategies within different HCSs that have different levels of prognostic risk.
After 4 years of follow-up in the COURAGE trial, pharmacological therapy was associated with improved attainment of risk factor goals in all 3 HCSs despite significant differences in baseline characteristics and comorbidity. In general, the more the baseline value approached treatment goals, the higher the percentage of patients who reached goal for any given risk factor. However, target goals for smoking cessation, body mass index, and hemoglobin A1c were less likely to be achieved, identifying a healthcare gap that warrants further study. In the BARI 2D trial that tested 2 intensive glycemic management strategies, only 48% of patients reached a target hemoglobin A1c Ͻ7.0% after 3 years of follow-up. 2 Smoking cessation programs recently Figure 1 . Forest plot of the primary and major secondary outcomes by HCS showing the number of events in each treatment group, the hazard ratio, 95% CI, and the 4.6-year event rate for each treatment group. ACS indicates acute coronary syndrome; CHF, congestive heart failure; no-peri, no perioperative MI included; P(adj), P value adjusted for sex, race, diabetes, fasting plasma glucose, systolic blood pressure Ͼ130 mm Hg, pulse, low-density lipoprotein, cerebrovascular disease, prior MI, glomerular filtration rate, and comorbidity; P(inter), P value for homogeneity and represents the P value for the standard interaction before adjusting for any covariates. have been enhanced by the addition of nicotine-receptor partial agonists that may offer a greater potential to reduce smoking addiction. 26 In the American system, increased comorbidity in VA patients was associated with increased rates of death or MI regardless of treatment assignment. The lowest rates of death or MI were seen in Canadian patients assigned to OMT.
Clinical Implications
COURAGE is the largest randomized controlled trial comparing PCI to medical therapy and confirms earlier, smaller, randomized controlled trials and metaanalyses that indicated that PCI does not prevent death or MI in patients with stable ischemic heart disease and angiography-documented CAD. [27] [28] [29] [30] [31] The National Institutes of Health-sponsored BARI 2D trial reported a similar lack of benefit for PCI in 1605 mildly symptomatic patients with type II diabetes. 2 A limitation of both trials is the relatively small number of patients with extensive angiographic CAD and impaired left ventricular function. In COURAGE, Mancini et al 12 performed a post hoc analysis on 126 patients with 3-vessel CAD and an ejection fraction between 30% to 49%. After 3 years, patients in the PCI group showed a nonsignificant trend toward improved survival free of MI (Pϭ0.26). In the BARI 2D trial, 19% of patients had 3-vessel disease, and only 16% had an ejection fraction Ͻ50% in the PCI stratum. 32 Thus, both large randomized trials had limited power to examine the role of coronary revascularization with PCI in patients with 3-vessel disease and impaired left ventricular function. COURAGE did not randomize patients to prompt CABG or OMT. In the BARI 2D trial, physicians were required to declare the intended revascularization procedure before randomization, resulting in patients with more extensive CAD, total occlusions, and proximal luminal narrowings selected for CABG as compared to PCI. In the CABG stratum, MI was significantly less frequent during follow-up than in patients who received initial OMT. 33 Thus, additional studies should be considered to address the incremental role of coronary revascularization (PCI or CABG) in the prevention of death or MI compared to initial OMT in patients who have more extensive CAD and more-severe myocardial ischemia.
Study Limitations
A limitation of our post hoc analyses is the lack of power to test for interactions because each HCS is a subset of the entire COURAGE trial, and the number of patients in the US non-VA HCS was substantially less than in the other 2 HCSs. Because we have to test the comparisons at the 0.016 level to adjust for the number of comparisons, approximately double the number of events would be required to do a reliable test. A second limitation is the differences in baseline characteristics among HCS. This is off set in part by the fact that randomization was stratified by hospital, and baseline characteristics were similar between treatment groups within the 
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HCSs, thus allowing comparison of PCI to OMT across a gradient of prognostic risk. Optimal medical therapy as practiced in the COURAGE trial included free cardiovascular medications and an aggressive approach to modification of atherosclerotic risk profiles using individual case-based management. 31 Thus, the potential to observe overall outcome differences among the HCSs was likely minimized compared to what might have been observed with a usual care approach; thus, optimal medical therapy as practiced in COURAGE provides a model demonstrating that it is possible to successfully implement life-saving therapies associated with reduced major adverse outcomes across different HCSs.
Conclusions
The COURAGE trial comparison of HCSs provides a unique opportunity to explore treatment differences over a gradient of comorbidity and different processes of care in a large cohort of patients with stable ischemic heart disease treated in a contemporary fashion. The results amplify the overall COURAGE findings and reveal that there are no significant treatment differences between PCI and OMT for serious cardiovascular outcomes across different HCSs. The data also provide an important evidence base both for physicians and for their patients with stable ischemic heart disease and inducible ischemia who are similar to those enrolled in COURAGE. In choosing between 2 effective initial treatment strategies (PCI or OMT alone), there is no significant penalty of increased exposure to cardiovascular events if an initial approach of OMT as used in COURAGE is selected. Intensive multifactorial intervention is an integral part of patient management in stable ischemic heart disease and, as practiced in COURAGE, resulted in a similar survival benefit free of MI compared to an initial strategy of routine PCI. 31 
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